Studies On The Viability Of The Boundary Element Method For The Real-Time Simulation Of Biological Organs by Kirana Kumara, P
 
 
iv 
 
Abstract 
Realistic and real-time computational simulation of biological organs (e.g., human 
kidneys, human liver) is a necessity when one tries to build a quality surgical 
simulator that can simulate surgical procedures involving these organs. Currently 
deformable models, spring-mass models, or finite element models are widely used to 
achieve the realistic simulations and/or the real-time performance. It is widely agreed 
that continuum mechanics based numerical techniques are preferred over deformable 
models or spring-mass models, but those techniques are computationally expensive 
and hence the higher accuracy offered by those numerical techniques come at the 
expense of speed. Hence there is a need to study the speed of different numerical 
techniques, while keeping an eye on the accuracy offered by those numerical 
techniques. Such studies are available for the Finite Element Method (FEM) but 
rarely available for the Boundary Element Method (BEM). Hence the present work 
aims to conduct a study on the viability of BEM for the real-time simulation of 
biological organs, and the present study is justified by the fact that BEM is considered 
to be inherently efficient when compared to mesh based techniques like FEM. A 
significant portion of literature on the real-time simulation of biological organs 
suggests the use of BEM to achieve better simulations.  
When one talks about the simulation of biological organs, one needs to have the 
geometry of a biological organ in hand. Geometry of biological organs of interest is 
not readily available many a times, and hence there is a need to extract the three 
dimensional (3D) geometry of biological organs from a stack of two dimensional (2D) 
scanned images. Software packages that can readily reconstruct 3D geometry of 
biological organs from 2D images are expensive. Hence, a novel procedure that 
requires only a few free software packages to obtain the geometry of biological 
organs from 2D image sequences is presented. The geometry of a pig liver is 
extracted from CT scan images for illustration purpose. Next, the three dimensional 
geometry of human kidney (left and right kidneys of male, and left and right kidneys 
of female) is obtained from the Visible Human Dataset (VHD). The novel procedure 
presented in this work can be used to obtain patient specific organ geometry from 
patient specific images, without requiring any of the many commercial software 
packages that can readily do the job. 
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To carry out studies on the speed and accuracy of BEM, a source code for BEM is 
needed. Since the BEM code for 3D elasticity is not readily available, a BEM code 
that can solve 3D linear elastostatic problems without accounting for body forces is 
developed from scratch. The code comes in three varieties: a MATLAB version, a 
Fortran version (sequential version), and a Fortran version (parallelized version). This 
is the first free and open source BEM code for 3D elasticity. The developed code is 
used to carry out studies on the viability of BEM for the real-time simulation of 
biological organs, and a few representative problems involving kidneys and liver are 
found to give accurate solutions. The present work demonstrates that it is possible to 
simulate linear elastostatic behaviour in real-time using BEM without resorting to any 
type of precomputations, on a computer cluster by fully parallelizing the simulations 
and by performing simulations on different number of processors and for different 
block sizes. Since it is possible to get a complete solution in real-time, there is no 
need to separately prove that every type of cutting, suturing etc. can be simulated in 
real-time. 
Future work could involve incorporating nonlinearities into the simulations. Finally, a 
BEM based simulator may be built, after taking into account details like rendering. 
